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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This application claims priority to Korean Patent Application No. 10-2017-0154395, filed on November 20, 2017,
and Korean Patent Application No. 10-2018-0053639, filed on May 10, 2018, the disclosures of which are incorporated
herein by reference.

[0002] The present invention relates to a device and a method for qualitative analysis and quantitative analysis of
heavy metals and, more particularly, to a device and a method for qualitative analysis and quantitative analysis of heavy
metals using a rotatable disk system.

2. Description of the Related Art

[0003] Ingeneral, the mostwidely used method for detecting heavy metalsis spectroscopic analysis such as inductively
coupled plasma mass spectrometry or atomic absorption/emission spectrometry. Mass spectrometry and spectroscopy
based heavy metal detection methods are accurate and have high detection limits, but they are expensive and require
skilled analytical techniques, making it difficult to perform a heavy metal analysis in the field quickly and simply.
[0004] Itis required to develop economical and cost-effective color development based heavy metal analysis system
for replacing expensive mass spectrometry and spectroscopy based heavy metal analysis equipment, and development
of miniaturized analysis system that can be conveniently applied in the field is required. In addition, it is required to
develop a system capable of qualitative analysis as well as qualitative analysis of heavy metals while shortening analysis
time by performing simultaneous detection of multiple heavy metals.

[0005] In addition, in the case where a plurality of heavy metals exist in one fluid sample, it is required to implement
a method for performing the analysis more easily and quickly

[0006] In addition, when a fluid sample containing heavy metals is developed in a detection unit and quantitative
analysis is performed according to a development distance, a method for performing a more accurate quantitative
analysisis required. Further, there is a need for a method for performing the movement of the fluid sample more uniformly
when the fluid sample is developed in the detection unit and preventing the moisture condensation phenomenon in the
detection unit.

SUMMARY OF THE INVENTION

[0007] The presentinvention pertains toadevice for qualitative analysis and quantitative analysis comprising arotatable
platform and a plurality of microfluidic structures disposed radially and symmetrically on the rotatable platform. Each of
the plurality of the microfluidic structures comprises a sample injection unit into which a fluid sample containing heavy
metals is injected; a microfluidic channel (a siphon channel) which is a passage through which the sample can be moved
to a detection unit and connects the sample injection unit to the one end of the detection unit; the detection unit comprising
a plurality of detection members, which is coated with an organic substance capable of causing the color development
reaction with the heavy metals of the sample; and a ruler for measuring the color developed distance. Each of the plurality
of the microfluidic structures may receive different kinds of samples. The rotation of the device is controlled so that the
sample moves from the sample injection unit to the microfluidic channel and then to the detection unit, and the qualitative
analysis through the color development reaction of the heavy metals in the detection unit and the quantitative analysis
through the measurement of the color developed distance may be possible.

[0008] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, each
of the plurality of the detection members may be coated with respective different reagents.

[0009] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, each
of the plurality of the detection members may comprise a plurality of sections coated with organic ligands of respective
different concentrations.

[0010] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
detection unit may comprise a reservoir area which connects each one end of the plurality of the detection members
with the microfluidic channel.

[0011] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, each
of the detection members comprises a plurality of sections coated with organic ligands of respective different concen-
trations, and the concentration of the organic ligand coated in the section located i-th from the reservoir area may be
lower than the concentration of the organic ligand coated in the section located i-1-th from the reservoir area, wherein
i may be a natural number from 1 to n.
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[0012] Further, the device for qualitative analysis and quantitative analysis according to the present invention further
comprises an air circulation channel connecting between the sample injection unit and the other end of the detection
unit, wherein the air circulation channel can increase the rate of evaporation of the fluid sample in the detection unit and
prevent moisture condensation phenomenon in the detection unit.

[0013] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
sample injection unit may include a space capable of receiving the sample and an opening through which the sample
can be injected.

[0014] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
control of the rotation of the device can be accomplished by rotating the device firstly and then stopping so that the
sample injected into the sample injection unit is moved to the microfluidic channel; rotating the device secondarily so
that the sample moved to the microfluidic channel is moved to the reservoir area; and stopping the device so that the
sample moved to the reservoir area is developed in the detection unit.

[0015] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
microfluidic channel may include a portion of a "U" shaped tube so that the sample can be received within the microfluidic
channel after the first rotation and before the second rotation of the device.

[0016] Also, in the device for qualitative analysis and quantitative analysis according to the present invention, the first
rotation may be performed at 2000 to less than 4000 RPM for 5 to 20 seconds and the second rotation may be performed
at 4000 to 6000 RPM for 3 to 10 seconds.

[0017] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
rotatable platform is a circular disk and may have a diameter of 12 cm to 20 cm.

[0018] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
heavy metals that may be included in the sample may comprise Fe2*, Zn2*, Hg2*, Cr6*, Ni2*, or Cu2*.

[0019] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
organic material previously applied to the detection unit may comprise any one selected from the group consisting of
dimethylglyoxime, bathophenanthroline, dithiooxamide, dithizone, diphenylcarbazide and 1-(2-pyridylazo)-2-naphthol.
[0020] Further, the presentinvention pertains to an analytic method of a fluid sample containing heavy metals by using
the qualitative analysis and quantitative analysis device according to the present invention. The analytic method com-
prises: (S1) injecting the sample into the sample injection unit; (S2) controlling the rotation of the device; and (S3)
performing at least one of qualitative analysis and quantitative analysis of the sample developed in the detection unit.
[0021] Further, in the analytic method of a fluid sample containing heavy metals according to the present invention,
the injection of the sample into the sample injection unit of the step (S1) may comprise injecting the fluid sample containing
different kinds of the heavy metals into each of the plurality of the microfluidic structures, or injecting the fluid sample
containing same kinds of the heavy metals of varying concentrations into each of the plurality of the microfluidic structures.
[0022] Further, in the analytic method of a fluid sample containing heavy metals according to the present invention,
the controlling of the rotation of the device of the step (S2) may comprise (S2-1) rotating the device firstly and then
stopping so that the sample injected into the sample injection unit is moved to the microfluidic channel; (S2-2) rotating
the device secondarily so that the sample moved to the microfluidic channel is moved to the reservoir area; and (S2-3)
stopping the rotation of the device so that the sample moved to the reservoir area is developed in the detection unit.
[0023] Further, in the analytic method of a fluid sample containing heavy metals according to the present invention,
the performance of at least one of qualitative analysis and quantitative analysis of the sample of the step (S3) may
comprise performing at least one of (S3-1) qualitative analysis through the color development reaction of the sample
developed in the detection unit and (S3-2) quantitative analysis through the measurement of the color developed distance.

EFFECT OF THE INVENTION

[0024] According to the device for qualitative analysis and quantitative analysis and the analysis method of the sample
using the same according to one embodiment of the present invention, the increase of the detection limit of heavy metals
through the control of the automated fluidic control and the control of the torque and capillary force is possible. It is
possible to improve the detection limit of heavy metal ions by the torque control. That is, it is possible to improve the
detection limit by controlling the color development reaction time and the colored area via adjustment of the centrifugal
force and the capillary force by control of the rotation of the device.

[0025] According tothe device for qualitative analysis and quantitative analysis and the analysis method of the sample
using the same according to one embodiment of the present invention, qualitative analysis and quantitative analysis of
several heavy metals can be performed with one device. According to the presentinvention, economical and rapid multi-
metal qualitative/quantitative analysis is possible. It is more economical than conventional expensive spectroscopy or
mass spectrometry based heavy metal detector and can shorten analysis time. In addition, the configurations for qual-
itative analysis and quantitative analysis can be integrated into one miniaturized device, and can be applied quickly and
conveniently in the field where qualitative/quantitative analysis of heavy metals is required.
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[0026] In addition, since the channel (a microfluidic channel) and the detection unit are all patterned in one device,
the fabrication of the device for qualitative analysis and quantitative analysis is simple.

[0027] In addition, in the device for qualitative analysis and quantitative analysis according to the present invention,
even when multiple heavy metals are present in one fluid sample, the analysis can be performed more simply and quickly
[0028] In addition, itis possible to improve the accuracy of the measurement even in the quantitative analysis of heavy
metals contained in the fluid sample, by coating each of the detection members with organic ligands with a concentration
gradientin place of coating with the same concentration of the organic ligands throughout each of the detection members.
[0029] Further, according to the device for qualitative analysis and quantitative analysis and the analysis method of
the sample using the qualitative analysis and quantitative analysis device according to one embodiment of the present
invention, the air circulation channel is provided so that the moisture condensation in the detection unit can be prevented
when the fluid sample is developed in the detection unit and the reservoir area is provided at the end of the microfluidic
channel so that one end of the detection unit is located in the reservoir area, and thus the fluid sample can move more
uniformly when the fluid sample is developed in the detection unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1A shows a device for qualitative analysis and quantitative analysis according to one embodiment of the present
invention, and FIGS. 1B and 1C show microfluidic structures of the device for qualitative analysis and quantitative
analysis of FIG. 1A.

FIG. 1D shows a device for qualitative analysis and quantitative analysis according to another embodiment of the
present invention, and FIGS. 1E and 1F show microfluidic structures of the device for qualitative analysis and
quantitative analysis of FIG. 1D.

FIG. 1G shows a device for qualitative analysis and quantitative analysis according to another embodiment of the
present invention, and FIGS. 1H and 11 show microfluidic structures of the device for qualitative analysis and quan-
titative analysis of FIG. 1G.

FIG. 2A illustrates a device for qualitative analysis and quantitative analysis according to another embodiment of
the presentinvention, and FIG. 2B shows microfluidic structures of the device for qualitative analysis and quantitative
analysis of FIG. 2A.

FIGS. 3A to 3C show each layer of a rotatable platform comprising microfluidic structures of the device for qualitative
analysis and quantitative analysis according to FIGS. 1A, 1D and 1G, respectively.

FIGS. 4A to 4D show each layer of a rotatable platform comprising microfluidic structures of the device for qualitative
analysis and quantitative analysis according to FIG. 2A.

FIG. 5 shows an example of a color development reaction between heavy metal ions and organic complexing agents.
FIG. 6 shows an example of simultaneous qualitative analysis of heavy metals using the device for qualitative
analysis and quantitative analysis according to the present invention.

FIGS. 7A and 7B show examples of quantitative analysis of heavy metals using the device for qualitative analysis
and quantitative analysis according to the present invention.

FIG. 8 shows a flowchart of a method of analyzing a sample using the device for qualitative analysis and quantitative
analysis according to the present invention.

FIG. 9 shows a system for qualitative analysis and quantitative analysis that includes and can rotate the device for
qualitative analysis and quantitative analysis according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0031] In the device for qualitative analysis and quantitative analysis comprising a rotatable platform and a plurality
of microfluidic structures disposed radially and symmetrically on the rotatable platform according to present invention,
each of the plurality of the microfluidic structures comprises a sample injection unit into which a fluid sample containing
heavy metals is injected; a microfluidic channel which is a passage through which the sample can be moved to a detection
unit and connects the sample injection unit to the one end of the detection unit; the detection unit comprising a plurality
of detection members, which is coated with an organic substance capable of causing the color development reaction
with the heavy metals of the sample; and a ruler for measuring the color developed distance. Each of the plurality of the
microfluidic structures may receive different kinds of samples. The rotation of the device is controlled so that the sample
moves from the sample injection unit to the microfluidic channel and then to the detection unit, and the qualitative analysis
through the color development reaction of the heavy metals in the detection unit and the quantitative analysis through
the measurement of the color developed distance may be possible.

[0032] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, each
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of the plurality of detection members may be coated with respective different reagents.

[0033] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, each
of the detection members may comprise a plurality of sections coated with organic ligands of respective different con-
centrations.

[0034] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
detection unit may comprise a reservoir area which connects each one end of the plurality of detection members with
the microfluidic channel.

[0035] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
development area comprises a plurality of sections coated with organic ligands of respective different concentrations,
and the concentration of the organic ligand coated in the section located i-th from the reservoir area may be lower than
the concentration of the organic ligand coated in the section located i-1-th from the reservoir area, wherein i may be a
natural number from 1 to n. Further, the device for qualitative analysis and quantitative analysis according to the present
invention further comprises an air circulation channel connecting between the sample injection unit and the other end
of the detection unit, wherein the air circulation channel can increase the rate of evaporation of the fluid sample in the
detection unit and prevent moisture condensation phenomenon in the detection unit.

[0036] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
sample injection unit may include a space capable of receiving the sample and an opening through which the sample
can be injected.

[0037] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
control of the rotation of the device can be accomplished by rotating the device firstly and then stopping so that the
sample injected into the sample injection unit is moved to the microfluidic channel; rotating the device secondarily so
that the sample moved to the microfluidic channel is moved to the reservoir area; and stopping the device so that sample
moved to the reservoir area is developed in the detection unit.

[0038] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
microfluidic channel may include a portion of a "U" shaped tube so that the sample can be received within the microfluidic
channel after the first rotation and before the second rotation of the device.

[0039] Also, in the device for qualitative analysis and quantitative analysis according to the present invention, the first
rotation may be performed at 2000 to 4000 RPM for 5 to 20 seconds and the second rotation may be performed at 4000
to 6000 RPM for 3 to 10 seconds.

[0040] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
rotatable platform is a circular disk and may have a diameter of 12 cm to 20 cm.

[0041] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
heavy metals that may be included in the sample may comprise Fe2*, Zn2*, Hg2*, Crb*, Ni2*, or Cu?*.

[0042] Further, in the device for qualitative analysis and quantitative analysis according to the present invention, the
organic material previously applied to the detection unit may comprise any one selected from the group consisting of
dimethylglyoxime, bathophenanthroline, dithiooxamide, dithizone, diphenylcarbazide and 1-(2-pyridylazo)-2-naphthol.
[0043] Further, in the analytic method of a fluid sample containing heavy metals by using the qualitative analysis and
quantitative analysis device according to the present invention, the method comprises: (S1) injecting the sample into
the sample injection unit; (S2) controlling the rotation of the device; and (S3) performing at least one of qualitative analysis
and quantitative analysis of the sample developed in the detection unit.

[0044] Further, in the analytic method of a fluid sample containing heavy metals according to the present invention,
the injection of the sample into the sample injection unit of the step (S1) may comprise injecting the fluid sample containing
different kinds of the heavy metals into each of the plurality of the microfluidic structures, or injecting the fluid sample
containing same kinds of the heavy metals of varying concentrations into each of the plurality of the microfluidic structures.
[0045] Further, in the analytic method of a fluid sample containing heavy metals according to the present invention,
the controlling of the rotation of the device of the step (S2) may comprise (S2-1) rotating the device firstly and then
stopping so that the sample injected into the sample injection unit is moved to the microfluidic channel; (S2-2) rotating
the device secondarily so that the sample moved to the microfluidic channel is moved to the reservoir area; and (S2-3)
stopping the rotation of the device so that the sample moved to the reservoir area is developed in the detection unit.
[0046] Further, in the analytic method of a fluid sample containing heavy metals according to the present invention,
the performance of at least one of qualitative analysis and quantitative analysis of the sample of the step (S3) may
comprise performing at least one of (S3-1) qualitative analysis through the color development reaction of the sample
developed in the detection unit and (S3-2) quantitative analysis through the measurement of the color developed distance.
[0047] Hereinafter, the device and the method for qualitative analysis and quantitative analysis of heavy metals using
a rotatable disk system according to the present invention will be described in detail. The accompanying drawings, which
are included to provide a further understanding of the invention, illustrate embodiments of the present invention and the
technical scope of the present invention is not limited thereto.

[0048] In addition, the same or corresponding components are denoted by the same reference numbers regardless
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of the figures, and redundant description thereof will be omitted. For convenience of explanation, the size and shape of
each constituent member shown may be exaggerated or reduced.

[0049] FIG. 1A shows a device for qualitative analysis and quantitative analysis (1) according to one embodiment of
the present invention, and FIG. 1B shows microfluidic structures (20) of the rotatable disk system of FIG. 1A.

[0050] First, referring FIG. 1A, the device for qualitative analysis and quantitative analysis (1) includes the rotatable
platform (10) and a plurality of the microfluidic structures (20) provided on the rotatable platform (10). The rotatable
platform (10) may be, for example, a circular disk, and the size may be, for example, in one embodiment, 12 cm to 20
cm in diameter, and in another embodiment, less than 12 cm in diameter.

[0051] The rotatable platform (10) includes the plurality of the microfluidic structures (20) which are positioned radially
and symmetrically on the rotatable platform (10). For example, the plurality of the microfluidic structures (20) may
comprise two, three, four, six, eight, ten, or twelve of the structures. In FIG. 1A, three microfluidic structures (20) are
shown disposed on the rotatable platform (10).

[0052] Referring to FIG. 1B, each microfluidic structure (20) of the plurality of the microfluidic structures (20) is shown.
The microfluidic structures (20) include a top layer (see FIG. 3A), a detection unit (120) coated with an organic substance
capable of causing a color development reaction with the heavy metals in a fluid sample, and a bottom layer (see FIG.
3A). The top layer includes a sample injection unit (100) into which a fluid sample containing the heavy metals is injected,
a microfluidic channel (110) through which the fluid sample can move to the detection unit, a portion where the detection
unit (120) can be inserted, and a ruler (130) for measuring the color developed distance. The bottom layer is a pressure-
sensitive adhesive layer which is not patterned.

[0053] Each microfluidic structure (20) of the plurality of the microfluidic structures (20) may receive the fluid sample
containing different kinds of the heavy metals. The heavy metals that may be included in the fluid sample may include,
for example, Fe2*, Zn2*, Hg2*, Cré*, Ni2*, Cu2*, etc.

[0054] The sample injection unit (100) includes a space for accommodating a fluid sample containing the heavy metals
and an opening (100a) through which the fluid sample can be injected into the space. The sample injection unit (100)
and one end of the detection unit (120) may be connected to the microfluidic channel (110). Further, the sample injection
unit (100) may include a blocking unit (100b) which prevents the sample injected through the opening (100a) from flowing
directly into the microfluidic channel (110) and stores the sample in the inner space of the sample injection unit (100)
by using drop of the channel. Since the vicinity of the rear end portion (100c) of the sample injection unit (100) where
the microfluidic channel (110) is connected to the sample injection unit (100) has, for example, a streamlined shape,
when the fluid sample injected into the injection unit (100) moves to the microfluidic channel (110), the resistance of the
fluid sample is minimized and all of the fluid sample injected into the sample injection unit (100) is moved to the microfluidic
channel (110).

[0055] The microfluidic channel (110) may have a width of 1 mm and a depth of 100 uwm. The microfluidic channel
(110) may comprise, for example, a portion of a "U" shaped tube. As will be described below, the fluid sample including
the heavy metals after the first rotation and before the second rotation of the device for qualitative analysis and quantitative
analysis (1) can move along the channel which is a passage through which the fluid sample moves due to the hydrophilicity
of the microfluidic channel (110), and as aresult, the fluid sample can be accommodated in the microfluidic channel (110).
[0056] The detection unit (120) may be made of a porous hydrophilic material, for example, paper, nitrocellulose,
cotton, silica based sol-gel matrix, etc., and may be preferably made of paper.

[0057] Meanwhile, the detection unit (120) comprises a plurality of the detection members (121, 122, 123). Although
FIGS. 1A and 1B show one detection unit (120) comprising three detection members (121, 122, 123), the present
invention is not limited thereto and the number of the detection members may be adjusted according to various envi-
ronments in which the present invention is implemented. Each of the plurality of the detection members (121, 122, 123)
of the detection unit (120) may be coated with different reagents. These pre-applied reagents each contain a specific
organic material (organic ligand) that can cause a color development reaction with the heavy metals in the fluid sample
(see FIG. 5 and Table 1). Therefore, when one organic sample injected into the sample injection unit (100) includes a
plurality of the heavy metals, the plurality of the heavy metals may be detected in each of the plurality of the detection
members (121, 122, 123) coated with each of the different reagents. For example, PAN (1-(2-pyridylazo)-2-naphthol)
for detecting Zn2* may be coated in the detection member (121), Bphen (bathophenanthroline) for detecting Fe2* may
be coated in the detection member (122), and DMG (dimethylglyoxime) for detecting Ni2* may be coated in the detection
member (123).

[0058] Also, the detection unit (120) comprises a reservoir area (124) connecting the microfluidic channel (110) to the
plurality of the detection members (121, 122, 123). The reservoir area (124) may or may not be coated with an organic
material. The reservoir area (124) is connected to each one end of the plurality of the detection members (121, 122,
123). Further, the microfluidic channel (110) is connected to the reservoir area (124). The fluid sample moved from the
sample injection unit (100) to the microfluidic channel (110) during the first rotation of the rotatable platform (10) is moved
from the microfluidic channel (110) to the reservoir area (124) of the detection unit (120) connected to the microfluidic
channel (110) during the secondary rotation of the rotatable platform (10). At this time, the fluid sample remains in the
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reservoir area (124) without being developed into the plurality of the detection members (121, 122, 123) of the detection
unit (120) by the centrifugal force due to the rotation. When the secondary rotation of the rotatable platform (10) is
stopped, the fluid sample is developed from the reservoir area (124) to each of the plurality of the detection members
(121, 122, 123). A more detailed description thereof will be given below with reference to FIG. 8.

[0059] The ruler (130) is positioned alongside of the detection unit (120) in the vicinity of the detection unit (120). The
ruler (130) may be, for example, scaled in millimeters (mm). Alternatively, it may be scaled in units of concentration such
as ppm, ppb, etc., in addition to the length unit such as mm in the scale unit (130). In the case where the scale is
expressed in terms of the concentration unit in the ruler (130), it may be expressed in terms of a concentration unit
obtained by substituting the development distance of the relevant heavy metals into a calibration curve (see FIGS. 6A
and 6B).

[0060] FIG. 1C shows exemplary dimensions of the microfluidic structures (20) of the rotatable disk system of FIG.
1B. Exemplary dimensions of the microfluidic structures (20) are not limited to those shown in FIG. 1C, but may be
modified or changed according to various environments embodied in the present invention.

[0061] FIG. 1D shows a device for qualitative analysis and quantitative analysis (1’) according to another embodiment
of the present invention, and FIG. 1E shows the microfluidic structures (20’) of the rotatable disk system of FIG. 1D.
[0062] Each of the plurality of the detection members (121°, 122’, 123’) of the detection unit (120’) is not coated with
the organic ligands of the same concentration but coated with organic ligands of different concentrations by providing
a concentration gradient in a plurality of (n, where n is a natural number of 2 or more) sections of the detection members
(121°, 122°, 123’) as shown in FIG. 1E. The number n of sections may be, for example, 2 or more and 10 or less, or 5
or 6, for example.

[0063] More specifically, upon checking the detection member (121’), the first section (121’4) closest to the reservoir
area (124) is coated with the highest concentration of the organic ligand, and the next adjacent second section (121’,)
is coated with a lower concentration than that of the organic ligand coated in the first section (121’y). The next third
section (121'3) is coated with a lower concentration than that of the organic ligand coated in the second section (121’,),
and the subsequent sections are also coated with increasingly lower concentrations of the organic ligands. And the n-
th section (121°,) farthest from the reservoir area (124) is coated with the lowest concentration of the organic ligand.
That is, the concentration of the organic ligand coated in the i-th section (121’;) from the reservoir area (124) is lower
than that of the organic ligand coated in the (i-1)-th section (121';_4). Here, i is a natural number from 1 to n.

[0064] The amount of the fluid sample developed from the n-th section (121’,) farthest to the reservoir area (124)
toward the first section (121’;) closest to the reservoir area (124) increases. According to the present invention, the
concentration of the coated organic ligand is increased toward the first section (121’;) closest to the reservoir area (124)
from the n-th section (121',)) farthest from the reservoir area (124). It is possible to prevent the speed at which the fluid
sample is developed at the detection member (121’) from being increased faster than the rate at which the organic ligand
coated on the detection member (121’) reacts with the heavy metals in the fluid sample (color development reaction) so
that in the analysis of the heavy metals in the fluid sample, the accuracy of the measurement can be further increased.
On the other hand, the detection member (122’) and the detection member (123’) are also coated with organic ligands
with the concentration gradient in the above-described manner with respect to the detection member (121°).

[0065] For example, when in order to detect Zn2*, PAN (1- (2-pyridylazo)-2-naphthol) as an organic substance is
coated on one of the detection members (121°, 122°, 123’) (for example, the detection member (121’)). When the number
of sections of the detection member is 5, the concentration of the organic ligand coated on each of the first section
(121°4), the second section (121’,), the third section (121'5), the fourth section (121’,) and the fifth section (121’5) is 50,
35, 20, 5 and 1 mM, respectively.

[0066] Also, for example, when in order to detect Fe2*, Bphen (bathophenanthroline) as an organic substance is
coated on one of the detection members (121°, 122°, 123’) (for example, the detection member (121’)). When the number
of sections of the detection member is 5, the concentration of the organic ligand coated on each of the first section
(121°4), the second section (121’,), the third section (121’3), the fourth section (121°4) and the fifth section (121’5) is 10,
5,1, 0.5 and 0.1 mM, respectively.

[0067] Further, for example, when in order to detect Ni2*, DMG (dimethylglyoxime) as an organic substance is coated
on one of the detection members (121°, 122’, 123’) (for example, the detection member (121’)). When the number of
sections of the detection member is 5, the concentration of the organic ligand coated on each of the first section (121’4),
the second section (121’,), the third section (121’3), the fourth section (121°4) and the fifth section (121’5) is 50, 10, 5,
1 and 0.5 mM, respectively.

[0068] Also, for example, when in order to detect Cu2*, DTO (dithiooxamide) as an organic substance is coated on
one of the detection members (121’, 122°, 123’) (for example, the detection member (121’)). When the number of sections
of the detection member is 5, the concentration of the organic ligand coated on each of the first section (121’4), the
second section (121’5), the third section (121’5), the fourth section (121’4) and the fifth section (121’5) is 10, 8, 6, 4 and
2 mM, respectively.

[0069] Further, for example, when in order to detect Cré*, DCB (diphenylcarbazide) supplemented with 1% H,SO, as
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an organic substance is coated on one of the detection members (121’, 122’, 123’) (for example, the detection member
(121°)). When the number of sections of the detection member is 5, the concentration of the organic ligand coated on
each of the first section (121°;), the second section (121’,), the third section (121’5), the fourth section (121’4) and the
fifth section (121°5) is 20, 10, 5, 2 and 1 mM, respectively.

[0070] Also, for example, when in order to detect Hg2*, DTZ (dithizone) as an organic substance is coated on one of
the detection members (121°, 122’, 123’) (for example, the detection member (121’)). When the number of sections of
the detection member is 5, the concentration of the organic ligand coated on each of the first section (121’,), the second
section (121’5), the third section (121’3), the fourth section (121’4) and the fifth section (121°5) is 50, 25, 10, 5 and 1 mM,
respectively.

[0071] FIG. 1F shows exemplary dimensions of the microfluidic structures (20’) of the rotatable disk system of FIG.
1D. Exemplary dimensions of the microfluidic structures (20’) are not limited to those shown in FIG. 1F, but may be
modified or changed according to various environments embodied in the present invention.

[0072] FIG. 1G shows a device for qualitative analysis and quantitative analysis (1") according to another embodiment
of the present invention, and FIG. 1H shows the microfluidic structures (20") of the rotatable disk system of FIG. 1G.
The device for qualitative analysis and quantitative analysis (1") of FIG. 1H, like the device for qualitative analysis and
quantitative analysis (1) of FIG. 1A, comprises the rotatable platform (10) and a plurality of the microfluidic structures
(20") provided in and the rotatable platform (10). The top layer of the rotatable platform (10) includes the sample injection
unit (100) into which a fluid sample containing the heavy metals is injected and the microfluidic channel (110) which is
a passage through which the fluid sample can move to the detection unit. The portion of the top layer where the detection
unit (120") is positioned may be variously modified and changed so that the detection unit (120") can be inserted, including
a concave portion in conformity with the shape of the detection unit (120"). Also, the depth of the concave portion can
be variously modified and changed according to the environment in which the present invention is actually implemented.
The bottom layer includes a portion where the detection unit (120") can be inserted (see FIG. 3C) and a ruler (130) for
measuring the color developed distance.

[0073] Meanwhile, the device for qualitative analysis and quantitative analysis (1") of FIG. 1G comprises an air circu-
lation channel (140) unlike the device for qualitative analysis and quantitative analysis (1, 1°) of FIGS. 1A and 1D. The
air circulation channel (140) connects between the sample injection unit (100) and the other end of each of the plurality
of the detection members (121°, 122°, 123’) of the detection unit (120’). Due to this, the sample injection unit (100), the
microfluidic channel (110), the detection unit (120’), the air circulation channel (140), and the sample injection unit (100)
are connected to be circulated in order. By introducing the air circulation channel (140), the evaporation rate of the fluid
sample of the detection unit (120’) may be increased, and the moisture condensation phenomenon in the detection unit
(120’) may be prevented. On the other hand, with respect to the sample injection unit (100), since the air circulation
channel (140) is located at the center of the circular disk-shaped rotatable platform (10) and the microfluidic channel
(110) is positioned toward the edge of the rotatable platform (10), when the rotatable platform (10) rotates, the sample
of the sample injection unit (100) moves to the microfluidic channel (110) by the centrifugal force and does not move to
the air circulation channel (140). Additionally, in order to prevent the possibility of movement, a hole having a depth of
about 1 mm and a diameter of about 0.8 mm is drilled at a point where the sample injection unit (100) and the air
circulation channel (140) are connected to each other to form a capillary valve operated by an air pressure, thereby
preventing the sample from moving from the sample injection unit (100) to the air circulating channel (140).

[0074] FIG. 1l shows exemplary dimensions of the microfluidic structures (20") of the rotatable disk system of FIG.
1G. Exemplary dimensions of the microfluidic structures (20") are not limited to those shown in FIG. 1l, but may be
modified or changed according to various environments embodied in the present invention.

[0075] FIG. 2Aillustrates a device for qualitative analysis and quantitative analysis (1”’) according to another embod-
iment of the present invention, and FIG. 2B shows the microfluidic structures (20’”) of the rotatable disk system of FIG.
2A. The device for qualitative analysis and quantitative analysis (1’”) of FIG. 2A comprises, like the device for qualitative
analysis and quantitative analysis (1) of FIG. 1A, the rotatable platform (10) and a plurality of the microfluidic structures
(20™) provided in and the rotatable platform (10). The top layer of the rotatable platform (10) includes the sample injection
unit (100) into which a fluid sample containing the heavy metals is injected and the microfluidic channel (110) which is
a passage through which the fluid sample can move to the detection unit. The portion of the top layer where the detection
unit (120"™) is positioned may be variously modified and changed so that the detection unit (120'”) can be inserted,
including a concave portion in conformity with the shape of the detection unit (120°”). Also, the depth of the concave
portion can be variously modified and changed according to the environment in which the present invention is actually
implemented. The bottom layer includes a portion where the detection unit (120”’) can be inserted (see FIG. 4D) and a
ruler (130) for measuring the color developed distance.

[0076] The device for qualitative analysis and quantitative analysis (1°”) of FIG. 2A comprises an air circulation channel
(140’) like the device for qualitative analysis and quantitative analysis (1") of FIG. 1G. The air circulation channel (140’)
connects between the sample injection unit (100) and the other end of the detection unit (120"). Due to this, the sample
injection unit (100), the microfluidic channel (110), the detection unit (120"), the air circulation channel (140’), and the
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sample injection unit (100) are connected to be circulated in order.

[0077] Meanwhile, in the device for qualitative analysis and quantitative analysis (1) of FIG. 2A, the detection unit
(120") comprises one detection member. Further, the detection unit (120") does not have different concentrations of the
organic ligands in each section unlike in the device for qualitative analysis and quantitative analysis (1, 1’) of FIGS. 1D
and 1G. Further, in the device for qualitative analysis and quantitative analysis (1) of FIG. 2A, the entire detection unit
(120") is coated with an organic material capable of causing the color development reaction with the heavy metals of
the fluid sample so that the fluid sample can be developed and includes a reserve region (150) provided separately from
the detection unit (120"). One end of the detection unit (120") is accommodated in the reservoir region (150). The reservoir
region (150) is a recessed patterned area in each of the lower surface of the top layer and the upper surface of the
bottom layer of the rotatable platform (10) of FIG. 4A so as to accommodate the fluid sample therein. The fluid sample
accommodated in the microfluidic channel (110) during the first rotation of the rotatable platform (10) moves from the
microfluidic channel (110) to the reservoir region (150) during the second rotation of the rotatable platform (10) and then
is stored (l.e., trapped) in the reservoir area (150) without being developed into the detection unit (120") by the centrifugal
force due to the rotation. When the second rotation of the rotatable platform (10) is stopped, the fluid sample is moved
from the reservoir area (150) into the detection unit (120") where the fluid sample is developed. A more detailed description
thereof will be given below with reference to FIG. 8.

[0078] In the description of the device for qualitative analysis and quantitative analysis (1’”) of FIG. 2A and the micro-
fluidic structures (20°”) of FIG. 2B, the description of the components that overlap with those in the device for qualitative
analysis and quantitative analysis (1, 1, 1") and the microfluidic structures (20, 20’, 20") of FIGS. 1A to 1H refers to the
descriptions of FIGS. 1A to 1H.

[0079] FIGS. 3A and 3B illustrate each layer of the rotatable platform (10) comprising the microfluidic structures (20,
20’) of FIGS. 1A and 1D, respectively. The rotatable platform (10) including the microfluidic structures (20, 20’) is mainly
composed of two layers. In a top layer, the sample injection unit (100), the microfluidic channel (110), a space in which
the detection unit (120, 120°) can be inserted, and the ruler (130) are positioned. The thickness of the top layer may be,
for example, 1.0 mm, and the materials of the top layer may include, for example, polycarbonate (PC), polymethyl
methacrylate (PMMA) and the like. The sample injection unit (100) and the microfluidic channel (110) are provided within
the top layer, and the sample injection unit (100) and the microfluidic channel (110) can be formed through a patterning
process using micro-milling. The portion of the top layer where the detection unit (120, 120’) is positioned may be variously
modified and changed so that the detection unit (120, 120°) can be inserted, including a concave portion in conformity
with the shape of the detection unit (120, 120’). Also, the depth of the concave portion can be variously modified and
changed according to the environment in which the present invention is actually implemented. The bottom layer is not
patterned but is a pressure sensitive adhesion layer that can be bonded to the top layer. The material thereof may
include, for example, a polyolefin series and the like.

[0080] FIG. 3C illustrates each layer of the rotatable platform (10) comprising the microfluidic structures (20") of FIG.
1G. As shown in FIG. 3C, the rotatable platform (10) including the microfluidic structures (20") is mainly composed of
three layers, each of which corresponds to the top layer wherein the sample injection unit (100) and the microfluidic
channel (110) are positioned, a bottom layer (see FIG. 4D) for inserting the detection unit, and a PSA (Pressure sensitive
adhesion) layer for bonding the top and bottom layers. The materials of the top and bottom layers may include, for
example, polycarbonate (PC), polymethyl methacrylate (PMMA) and the like. The sample injection unit (100) and the
microfluidic channel (110) are provided within the top layer, and the sample injection unit (100) and the microfluidic
channel (110) can be formed through a patterning process using micro-milling. The portion of the top layer where the
detection unit (120’) is positioned may be variously modified and changed so that the detection unit (120’) can be inserted,
including a concave portion in conformity with the shape of the detection unit (120’). Also, the depth of the concave
portion can be variously modified and changed according to the environment in which the present invention is actually
implemented. A hydrophilic material is coated on the inside of the microfluidic channel (110) to receive the fluid sample
containing the heavy metals. To have a space in which the detection unit (120’) can be inserted in the bottom layer, the
lower surface of the top layer may include a concave portion in conformity with the shape of the detection unit (120’).
The ruler (130) is patterned in the bottom layer. The PSA layer is an adhesive layer serving to bond the top layer and
the bottom layer, and can be formed into, for example, an acryl based double-sided adhesive tape. In a tape or a plate
having an adhesive component corresponding to the size of the rotatable platform (10), the region corresponding to the
sample injection unit (100) and the microfluidic channel (110) in the top layer, and the region corresponding to the
detection unit (120’) in the bottom layer may be removed by cutting or the like. On the other hand, the top layer and the
PSA layer are made of a transparent material so that the development of the sample in the detection unit (120") and the
ruler in the bottom layer can be identified. However, the present invention is not limited to the above-described embod-
iments, and various modifications and changes are possible, for example, the ruler (130) may be patterned on the top layer.
[0081] FIGS. 4A to 4D illustrate each layer of the rotatable platform (10) comprising the microfluidic structures (20)
of FIG. 2A. As shown in FIG.4A, the rotatable platform (10) including the microfluidic structures (20") is mainly composed
of three layers, each of which corresponds to the top layer wherein the sample injection unit (100) and the microfluidic
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channel (110) are positioned (see FIG. 4B), a bottom layer (see FIG. 4D) for inserting the detection unit, and a PSA
(Pressure sensitive adhesion) layer (see FIG. 4C) for bonding the top and bottom layers. In FIGS. 4Ato 4D, the description
of the device for qualitative analysis and quantitative analysis (1) of FIG. 2A and the microfluidic structures (20"’) of
FIG. 2B, and the respective layer that overlap with those in the device for qualitative analysis and quantitative analysis
(1") of FIG. 1G and the microfluidic structures (20"), and the respective layer refers to the descriptions of FIG. 3C.
[0082] According to the device for qualitative analysis and quantitative analysis (1, 1, 1", 1) of the present invention,
the rotation of the device for qualitative analysis and quantitative analysis (1) is controlled so that the fluid sample
containing the heavy metals moves from the sample injecting unit (100) into the microfluidic channel (110), and then
moves to the detection unit (120, 120’, 120"). For example, after the fluid sample containing the heavy metals is injected
into the sample injection unit (100), when the device for qualitative analysis and quantitative analysis (1, 1°, 1", 1) is
first rotated for 10 seconds at 3000 RPM and then stopped, the fluid sample containing the heavy metals moves to the
microfluidic channel (110). When the device for qualitative analysis and quantitative analysis(1, 1’, 1", 1”’) is secondarily
rotated at 5,000 RPM for 5 seconds, the fluid sample containing the heavy metals in the microfluidic channel (110) of
the top layer is injected to the detection unit (120, 120°, 120") inserted in the bottom layer by the centrifugal force. When
the rotation of the device for qualitative analysis and quantitative analysis (1, 1’, 1", 1””) is stopped, the fluid sample
containing the heavy metals is developed on the detection units (120, 120°, 120") by the capillary force.

[0083] The fluid sample including the heavy metals developed on the detection unit (120, 120°, 120") reacts with the
reagents previously coated on the detection unit (120, 120°, 120") to indicate colors related to the heavy metals. As an
organic substance that can be previously applied to the detection unit (120, 120°, 120"), for example, an organic chelating
agent may be used. In one embodiment, organic substances based on a reaction list between heavy metal ions and the

organic chelating agents as shown in Table 1 below may be used.

Table 1
Heavy Metals Form Chelating agent (concentration)
Nickel (Ni2*) Sulfate Dimethylglyoxime (100 mM)
Iron (Fe2*) Sulfate Bathophenanthroline (5mM)
Copper (Cu?*) Sulfate Dithiooxamide (20mM)
Mercury (Hg2*) Sulfate Dithizone (5mM)
Chromium (Cr6*) Oxide Diphenylcarbazide (10mM)
Zinc (Zn2*) Sulfate | 1-(2-Pyridylazo)-2-naphthol (5mM)

[0084] FIG. 5 shows the color development reaction between heavy metal ions and the organic chelating agents
according to Table 1. In the embodiment of FIG. 5, PAN (1-(2-pyridylazo)-2-naphthol), Bphen (bathophenanthroline),
DMG (dimethylglyoxime), DTO (dithiooxamide), DCB (diphenylcarbazide) and DTZ (dithizone) were used as the organic
chelating agents. And 1% H,SO, was added to DCB for Cr8* to improve the reaction selectivity of Cré* ion for DCB and
the color development reaction.

[0085] The device for qualitative analysis and quantitative analysis (1, 1’) according to the presentinvention can provide
a simultaneous qualitative analysis up to a level of 25 ppm for a plurality of the heavy metals such as Fe2*, Zn2*, Hg2*,
Cr6+, Ni2*, or Cu2* within 15 minutes.

[0086] The qualitative analysis can be performed on the heavy metals contained in the fluid sample with the hue
according to the color development reaction on the detection unit (120, 120’, 120"). For example, when the hue according
to the color development reaction is observed with the naked eyes, the types of the heavy metals contained in the fluid
sample can be identified. FIG. 6 shows an example of a simultaneous qualitative analysis for six heavy metals (100
ppm) using the device for qualitative analysis and quantitative analysis (1’”) of FIG. 2A.

[0087] In addition, the degree of development of the fluid sample including the heavy metals on the detection unit
(120, 120’, 120") can be quantitatively analyzed by using the ruler (130). Referring to the example of FIG. 6, it can be
seen that the degree of development of the fluid sample including the heavy metals on the detection unit (120") of each
of the plurality of the microfluidic structures (20’”) is different from each other. It is possible to measure the extent to
which a fluid sample containing the heavy metals is developed by using the respective ruler (130). The development
distance of the corresponding fluid sample on the detection unit (120) is measured using the ruler (130), the types of
heavy metals contained in the fluid sample are determined by the above qualitative analysis, and the quantitative analysis
of the heavy metals can be performed by substituting the development distance into a calibration curve for the heavy
metals (see FIGS. 7A and 7B). As an example of the quantitative analysis, FIG. 7A shows a case where Cr6* is quan-
titatively analyzed and FIG. 7B shows a case where FeZ* is quantitatively analyzed using the device for qualitative
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analysis and quantitative analysis (1) of FIG. 2A. For example, the numbers of 1 ppm, 5 ppm, 10 ppm, 25 ppm, 50
ppm, and 100 ppm described in FIG. 7A are the results of quantitative analysis of Cré*. This is a method in which the
degree of purple development corresponding to Cré* on the six detection units (120") is measured using the ruler (130)
and then the measured development distance is substituted into the calibration curve of Cré* to obtain the concentration
on the x axis corresponding to the degree of development on the y axis of the calibration curve so as that the quantitative
analysis of Cré* can be performed. In the case of Fe2* in FIG. 7B, the quantitative analysis can be performed in the
same manner. At this time, in the case of Cré*, the detection limit of the qualitative analysis is 1 ppm and the detection
limit of the quantitative analysis is 5 ppm. In the case of Fe2*, the detection limit of the qualitative analysis is 25 ppm
and the detection limit of the quantitative analysis is 50 ppm.
[0088] Hereinafter, with reference to FIG. 8, a method (2) of analyzing a fluid sample containing the heavy metals
using the device for qualitative analysis and quantitative analysis (1, 1, 1", 1”) according to one embodiment of the
present invention will be described. The steps of the method for analyzing a sample (2) according to an embodiment of
the present invention are as follows:

Step 1: Injecting a fluid sample into the sample injection unit (100) of the device for qualitative analysis and quantitative
analysis (1, 1, 1", 1"7) (S1);

Step 2: Controlling the rotation of the device for qualitative analysis and quantitative analysis (1, 1°, 1", 1"”) (S2); and
Step 3: Performing at least one of qualitative analysis and quantitative analysis (S3).

Step 1: Injecting a fluid sample into the sample injection unit (100) of the device for qualitative analysis and quantitative

analysis (1, 1’, 1", 1”) (S1)

[0089] The fluid sample is injected into each sample injection unit (100) of the plurality of the microfluidic structures
(20) of the device for qualitative analysis and quantitative analysis (1, 1°, 1", 1°”’). For example, about 40 pl of the fluid
sample each can be injected into each sample injection unit (100). However, the present invention is not limited to this
embodiment, and the amount of the injection can be variously adjusted according to various environments in which the
presentinvention isimplemented. The fluid sample containing different kinds of the heavy metals are respectively injected
into each of the plurality of the microfluidic structures (20, 20°, 20", 20"’) (S1-1) to perform qualitative analysis and/or
quantitative analysis as described below, and the fluid sample containing the same kind of the heavy metals of varying
concentrations are respectively injected into each of the microfluidic structures (20, 20’, 20", 20’”) (S1-2) to perform
qualitative analysis and/or quantitative analysis as described below.

Step 2: Controlling the rotation of the device for qualitative analysis and quantitative analysis (1. 1) (S2)

[0090] The device for qualitative analysis and quantitative analysis (1, 1’, 1", 1”’) is mounted on a system for qualitative
analysis and quantitative analysis (3) capable of rotating the device for qualitative analysis and quantitative analysis (1,
1, 1", 1), for example, a rotatable system for qualitative analysis and quantitative analysis (3) as shown in FIG. 9, and
the device for qualitative analysis and quantitative analysis (1, 1’, 1", 1”) is rotated. This step (S2) includes the following
detailed steps:

Step 2-1: The device for qualitative analysis and quantitative analysis (1, 1°, 1", 1'”) is initially rotated at 2000 to
4000 RPM for 5 to 20 seconds and then is stopped to move the fluid sample including the heavy metals injected
into the sample injection unit (100) located at the top layer of the microfluidic structure (20, 20°, 20", 20") to the
microfluidic channel (110) (S2-1).

Step 2-2: The device for qualitative analysis and quantitative analysis (1, 1’, 1", 1””) is secondarily rotated at 4000
to 6000 RPM for 3 to 10 seconds to flow the fluid sample including the heavy metals transferred to the microfluidic
channel (110) at step 2-1 into the reservoir region (124, 150) of the microfluidic structures (20, 20°, 20", 20°”) (S2-2).
Step 2-3: The rotation of the device for qualitative analysis and quantitative analysis (1, 1’, 1", 1”) is stopped so
that the fluid sample including the heavy metals are guided by the capillary force to be developed on the detection
unit (120, 120°, 120") (S2-3).

9

Step 3: Performing at least one of qualitative analysis and quantitative analysis (S3)

[0091] A qualitative analysis can be performed on the fluid sample developed on the detection unit (120, 120’, 120")
by a method of analyzing the color development reaction on the detection unit (120, 120°, 120") with the naked eyes
(83-1), oraquantitative analysis can be performed by measuring the degree of development of the fluid sample developed
on the detection unit (120, 120’, 120") by using a ruler (130) and then substituting the measured values to the calibration
curves of the corresponding heavy metals developed on the scale (S3-2), or both of the qualitative analysis and the
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quantitative analysis can be performed (S3-1 and S3-2). Examples related to this are described above with reference
to FIGS. 6, 7A and 7B.

[0092] In summary, the device for qualitative analysis and quantitative analysis (1, 1°, 1", 1”’) according to an embod-
iment of the present invention includes the microfluidic structures (20) having the same structure that can detect a
plurality of types (for example, six kinds) of the heavy metals on the rotatable platform (10) (for example, a circular disk),
wherein each microfluidic structure (20) is arranged radially and symmetrically along the rotational direction of the
rotatable platform (10) and comprises the detection unit (120, 120°, 120") coated with an organic substance that can
cause a color development reaction with the heavy metals.

[0093] According to the device for qualitative analysis and quantitative analysis (1, 1’, 1", 1"”’) and the method of
analyzing the sample using the same (2) according to the embodiment of the present invention, the centrifugal force
generated upon rotation of the device for qualitative analysis and quantitative analysis (1, 1’, 1", 1”’) can move the fluid
sample containing the heavy metals to the detection unit (120, 120’, 120") and the qualitative analysis can be performed
through the color developmentreaction. Further, the fluid can be developed by the paper capillary force when the rotation
of the device stops and the quantification may be performed by identifying the color developed distance with the ruler
(130) patterned on the device for qualitative analysis and quantitative analysis (1, 1°, 1", 1"”). It is possible to increase
the detection limit of the heavy metals through automatic fluid control and control of torque and capillary force. It is
possible to improve the detection limit of the heavy metal ions by the torque control. That is, by adjusting the centrifugal
force and the capillary force by the rotation control, it is possible to improve the detection limit by controlling the reaction
time of color development and the colored area. Specifically, on the detection unit, when the development speed of the
sample containing the heavy metals due to the capillary force becomes faster than the speed at which the heavy metals
and the organic chelating agent react with each other, the sample containing the heavy metals fails to sufficiently react
with the organic chelating agent and develops on the entire detection unit. In the case of a heavy metal sample having
a high concentration, there is no problem in detection because of the color development, but there is a possibility that
the quantitative property is lowered. In the case of a heavy metal sample having a low concentration, there is a possibility
that the detection sensitivity and limit are lowered because the sample fails to sufficiently react with the organic chelating
agent on the detection unit, and thus the color development does not occur. However, according to the present invention,
since the centrifugal force acts on the opposite side of the capillary force, the centrifugal force is applied to control the
solution development speed by the capillary force so that the color development reaction can be sufficiently performed
on the detection unit to improve the detection limitations.

[0094] Further, according to the device for qualitative analysis and quantitative analysis (1, 1’, 1", 1””) and the method
of analyzing the sample (2) using the same according to the embodiment of the present invention, it is economical and
quick in the qualitative/quantitative analysis of multiple heavy metals. It is more economical than conventional expensive
spectroscopy or mass spectrometry based heavy metal detector and can shorten analysis time. Thus, it can be applied
quickly and conveniently in the field where the qualitative/quantitative analysis of heavy metals is required.

[0095] The technical constitution of the present invention as described above will be understood by those skilled in
the art that various changes in form and details may be made therein without departing from the spirit and scope of the
invention. It is therefore to be understood that the above-described embodiments are illustrative in all aspects and not
restrictive. In addition, the scope of the present invention is indicated by the appended claims rather than the detailed
description of the invention. Also, all changes or modifications derived from the meaning and scope of the claims and
their equivalents should be construed as being included within the scope of the present invention.

[Explanation of reference numbers]

[0096]

1,1,1", 17 Device for qualitative analysis and quantitative analysis
2: Method of analyzing a sample

3: System for qualitative analysis and quantitative analysis
10: Rotatable platform

20, 20’, 20", 20™: Microfluidic structure

100: Sample injection unit

110: Microfluidic channel

120, 120’, 120": Detection unit

130: Ruler
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Claims

1.

10.

Adevice for qualitative analysis and quantitative analysis comprising a rotatable platform and a plurality of microfluidic
structures disposed radially and symmetrically on the rotatable platform, wherein each of the plurality of the micro-
fluidic structures comprises:

a sample injection unit into which a fluid sample containing heavy metals is injected;

a microfluidic channel (a siphon channel) which is a passage through which the sample is moved to a detection
unit and connects the sample injection unit to the one end of the detection unit;

the detection unit comprising a plurality of detection members, which is coated with an organic substance
capable of causing the color development reaction with the heavy metals of the sample; and

a ruler for measuring the color developed distance,

wherein each of the plurality of the microfluidic structures receives different kinds of the samples,

wherein the sample moves from the sample injection unit to the microfluidic channel and then to the detection
unit by controlling the rotation of the device, and

wherein the qualitative analysis is possible through the color development reaction of the heavy metals in the
detection unit and the quantitative analysis is possible through the measurement of the color developed distance.

The device for qualitative analysis and quantitative analysis according to claim 1, wherein each of the plurality of
the detection members is coated with respective different reagents.

The device for qualitative analysis and quantitative analysis according to claim 1, wherein each of the plurality of
the detection members comprises a plurality of sections coated with organic ligands of respective different concen-
trations.

The device for qualitative analysis and quantitative analysis according to claim 1, wherein the detection unit comprises
areservoir area which connects each one end of the plurality of the detection members with the microfluidic channel.

The device for qualitative analysis and quantitative analysis according to claim 4, wherein each of the detection
members comprises a plurality of sections coated with organic ligands of different concentrations, and the concen-
tration of the organic ligand coated in the section located i-th from the reservoir area is lower than the concentration
of the organic ligand coated in the section located i-1-th from the reservoir area, wherein i is a natural number from
1ton.

The device for qualitative analysis and quantitative analysis according to claim 1, further comprising an air circulation
channel connecting between the sample injection unit and the other end of the detection unit, wherein the air
circulation channel increases the rate of evaporation of the fluid sample in the detection unit and prevents moisture
condensation phenomenon in the detection unit.

The device for qualitative analysis and quantitative analysis according to claim 4, wherein the control of the rotation
of the device is accomplished by:

rotating the device firstly and then stopping so that the sample injected into the sample injection unit is moved
to the microfluidic channel;

rotating the device secondarily so that the sample moved to the microfluidic channel is moved to the reservoir
area; and

stopping the device so that the sample moved to the reservoir area is developed in the detection unit.

The device for qualitative analysis and quantitative analysis according to claim 7, wherein the microfluidic channel
includes a portion of a "U" shaped tube so that the sample is received within the microfluidic channel after the first
rotation and before the second rotation of the device.

The device for qualitative analysis and quantitative analysis according to claim 7, wherein the first rotation of the
device is performed at 2000 to less than 4000 RPM for 5 to 20 seconds and the second rotation of the device is

performed at 4000 to 6000 RPM for 3 to 10 seconds.

The device for qualitative analysis and quantitative analysis according to claim 1, wherein the heavy metals included
in the sample comprise Fe2*, Zn2+, Hg2*, Cré*, Ni2*, or Cu2*.
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The device for qualitative analysis and quantitative analysis according to claim 10, wherein the organic material
previously applied to the detection unit comprises any one selected from the group consisting of dimethylglyoxime,
bathophenanthroline, dithiooxamide, dithizone, diphenylcarbazide and 1-(2-pyridylazo)-2-naphthol.

An analytic method of a fluid sample containing heavy metals by using the device according to any one of claims 1
to 11, comprising:

(S1) injecting the sample into the sample injection unit;

(S2) controlling the rotation of the device; and

(S3) performing at least one of qualitative analysis and quantitative analysis of the sample developed in the
detection unit.

The analytic method of a fluid sample according to claim 12, wherein the injection of the sample into the sample
injection unit of the step (S1) comprises:

injecting the fluid sample containing different kinds of the heavy metals into each of the plurality of the microfluidic
structures; or

injecting the fluid sample containing same kinds of the heavy metals of varying concentrations into each of the
plurality of the microfluidic structures.

An analytic method of a fluid sample containing heavy metals by using the device according to any one of claims 4
to 11, comprising:

(S1) injecting the sample into the sample injection unit;

(S2) controlling the rotation of the device; and

(S3) performing at least one of qualitative analysis and quantitative analysis of the sample developed in the
detection unit,

wherein the controlling of the rotation of the device of the step (S2) comprises:

(S2-1) rotating the device firstly and then stopping so that the sample injected into the sample injection unit is
moved to the microfluidic channel;

(S2-2) rotating the device secondarily so that the sample moved to the microfluidic channel is moved to the
reservoir area; and

(S2-3) stopping the rotation of the device so that the sample moved to the reservoir area is developed in the
detection unit.

The analytic method of a fluid sample according to claim 12, wherein the performance of at least one of qualitative
analysis and quantitative analysis of the sample of the step (S3) comprises:

performing atleastone of (S3-1) qualitative analysis through the color development reaction of the sample developed
in the detection unit and (S3-2) quantitative analysis through the measurement of the color developed distance.
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[FIG. 1A]
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[FIG. 1B]
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[FIG. 1C]
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[FIG. 1D]
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[FIG. 1E]
120!
an
20 123 122 o
100 §
100a H’T\
100b
100c
110
N :
N 130

124

19



EP 3 715 855 A1

[FIG. 1F]
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[FIG. 1G]
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[FIG. 1H]
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[FIG. 11]
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[FIG. 2B]
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[FIG. 3A]
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[FIG. 3B]
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[FIG. 3C]
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[FIG. 4A]
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[FIG. 4B]
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[FIG. 4C]
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[FIG. 4D]
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[FIG. 5]
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[FIG. 6]
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[FIG. 7A]
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[FIG. 8]
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